Objectives. Our objectives were to describe the methodology of the Pregnancy Risk Assessment Monitoring System (PRAMS), examine recent response rates, determine characteristics associated with response, and track response patterns over time.
Survey researchers are finding it increasingly difficult to attain high response to surveys. 1 Many factors have been identified as attributing to the decline in response rates, including the proliferation of telemarketers, the increased use of caller-id and other call-blocking technologies, increased concerns about confidentiality, and busier lifestyles. Response rates for most telephone and face-to-face surveys have experienced a decline. Mail surveys, in general, have not experienced the same extent of decline but some have seen response rates fall. 2, 3 To maintain historical levels of response, the U.S. Census and many other surveys have had to incorporate operational changes to enhance contacts. 4, 5 It is unclear how robust mixed-mode surveys are in this changing survey research environment.
In light of these trends, we examined the response rates for the Pregnancy Risk Assessment Monitoring System (PRAMS), a mixed-mode surveillance system designed to provide states with ongoing, populationbased, state-specific information on selected maternal behaviors and experiences that occur before and during pregnancy and during a child's early infancy. Although the basic PRAMS methodology, which consists of a mail survey with telephone follow-up for nonrespondents, has not changed, many states have intensified their efforts to locate and contact sampled women in order to maintain adequate levels of response. PRAMS is part of the Centers for Disease Control and Prevention (CDC) initiative to reduce infant mortality and low birthweight. Since the inception of PRAMS in 1987, the number of states (includes New York City) participating in the program has increased from six to 32, with 10 of those states joining between 1999 and 2001. PRAMS is open to any independent entity that reports vital records, including the 50 states, U.S. territories, New York City, and the District of Columbia; the term "states" is traditionally used to describe participating jurisdictions and will be used in this report. PRAMS surveillance now covers 62% of all U.S. births. This article has four purposes. First, we describe the basic PRAMS methodology and the measures that have been introduced to improve response. Second, we examine the most recently available response rates, which are from the 2001 birth cohort. Third, we identify the characteristics associated with response in 2001. Finally, we examine the trends in response rates from 1996 to 2001. We discuss how factors such as respondent behaviors, more intense efforts to locate respondents, and more intensive follow-up efforts have contributed to the observed changes. This information will be of interest to other researchers using a mixedmode data collection approach.
METHODOLOGY

PRAMS methodology
As part of the PRAMS methodology, each state can tailor various data collection strategies to meet its unique needs. We describe the standard procedures used by most states and give examples of state-specific options, all of which are based on the CDC model protocol. 6 The details of the PRAMS surveillance methodology have been described elsewhere. 7, 8 The population of interest for PRAMS is all mothers who give birth within their state of residence to a liveborn infant during the surveillance period. A state's birth-certificate file serves as the sampling frame for identifying new mothers. Women are sampled between two and six months after giving birth. The PRAMS sample is stratified so that subpopulations of particular public health interest are oversampled, such as mothers of low birthweight infants and racial/ethnic minority groups. Annual sample sizes range from 1,325 to 3,270, with larger sample sizes for states with more complex stratification schemes (Table 1) .
PRAMS, a mixed-mode surveillance system based on Dillman's Tailored Design Method, 9 incorporates many techniques designed to enhance response. These include a personalized mailing package, use of incentives and rewards, and repeated but varied contact attempts. The primary data collection mode is mail, with telephone contact for nonresponders. Multiple attempts to contact sampled women are made within each mode. The multiple contact attempts via mail include a preletter, three separate mailings containing the survey, and a tickler (thank you/reminder note between the first and second survey mailing). Since 1996, several minor modifications to the methodology have been introduced to improve response. The most significant change is that the third mailing, which was optional, is now strongly encouraged by the PRAMS protocol.
Telephone contact begins one to two weeks after mailing the last questionnaire packet. A variety of sources is used to obtain one or more valid telephone numbers for a mother. Increasingly, telephone numbers are captured on the birth certificate file. Many states make use of other health department program databases such as those for the Special Supplemental Nutrition Program for Women, Infants and Children (WIC), newborn screening, and immunization to locate mothers who may also be participating in or tracked by those programs. Internet phone directories are another popular source that has recently become available. Up to 15 call attempts, staggered over different times of the day and different days of the week, are made to each telephone number.
All PRAMS data are collected by the states, usually by health department staff members. Typically, two full-time staff members are needed to carry out most aspects of PRAMS data collection: a program coordinator and a data manager. 6 In an effort to allocate more intensive resources to the telephone follow-up, however, more states are choosing to contract out the telephone portion to professional survey research organizations. A few states contract out all data collection activities. The only staffing requirement is that telephone interviewers must be female.
Currently, the PRAMS questionnaire is in its fifth revision (each revision is used for approximately four years). The current version was implemented with the 2004 birth cohort and will remain in use through the 2007 birth cohort. Each state's questionnaire consists of a set of core questions common to all PRAMS states and a state-specific section. For the latter, states may choose from a standard library of questions or develop their own. Optional questions may be inserted among core questions, resulting in a unique survey for each state. The questionnaire takes approximately 20 minutes to complete. Mail and telephone versions are available in English and Spanish.
All states have adopted some type of participation incentive (sent to all women selected for the survey) or reward (sent to all women who return a completed survey). The incentive or information about the reward is included in the initial mail packet. The use of incentives and rewards as a strategy to increase response rates has been tested and proven to be effective. 10 In recent years, many PRAMS states have enhanced their incentives and rewards to encourage response. Many states now offer multiple incentives or a combination of an incentive and a reward ( Table 1) . We examined response rates by mode (mail, telephone) and by type of contact (Mail 1, 2, 3) for each of the 23 states. In 2001, three states (Florida, Washington, and West Virginia), did not conduct a third mailing. Response rates by type of contact were calculated so that they represented the marginal contribution of each and thus summed to the response rate ("overall" in Table 2 ). We also calculated contact rates and cooperation rates for each state. The contact rate was defined as the percentage of selected women who were contacted during data collection. Contact was defined as any direct communication with the sampled woman. The cooperation rate was defined as the percentage of contacted women who completed a questionnaire. The response rate and cooperation rate dif-fer in terms of the denominator: the response rate denominator is all sampled women, whereas the cooperation rate denominator is all contacted women. We calculated refusal rates as the percentage of women who refused a telephone interview or who returned a mailed questionnaire marked "refused." All rates were defined according to the standards set by the American Association for Public Opinion Research (AAPOR). 11 Response rates were calculated by state for a variety of maternal characteristics, including age, race, ethnicity, marital status, education, parity, and initiation of prenatal care; and infant characteristics including birthweight, age at PRAMS initial contact, and death status. All maternal and infant characteristics were obtained for both responders and nonresponders from birth certificate records except for data on infant deaths, which was obtained from death certificate records or from the mother. Because of delays in processing death certificate information and incomplete information from mothers, data on whether some infants are alive or dead may be missing from PRAMS. For each state, we fit logistic regression models to examine the relationships between each maternal and infant characteristic and the likelihood of response, controlling for the presence of all other variables in the model. The variables we examined were birthweight (Ͻ2500 grams [low] or Ն2500 grams [normal]); mother's age (Ͻ20, 20-29, Ն30 years); race (black, white, or other); ethnicity (Hispanic origin or not of Hispanic origin); marital status (married or not married); education (Ͻ12, 12, or Ͼ12 years); parity (1, Ͼ1); and initiation of prenatal care (first trimester, Ͼfirst trimester [late], or not at all). We included each of these variables in the model for each state and then used backward selection to reduce the models to only those variables significantly (pϽ0.05) related to the likelihood of response. No interaction terms were included in the models. For dichotomous variables, the Wald test was used to assess significance. For variables with more than two categories, both the Wald test and the likelihood ratio test were used to determine significant differences in response. In cases where the tests gave conflicting conclusions, results from the likelihood ratio test, which looks at the overall effect of the variable, took preference over those from the Wald test.
Response rate analyses
We examined trends in response rates from 1996 to 2001 for the nine states that had response data available over this time period. We examined overall response, contact, cooperation, and refusal rates as well as response rates by each mode of administration. Tests for linear trends were conducted using least squares estimation. Prior to conducting the analysis, we examined demographic distributions of the 1996 and 2001 samples for the states to ensure they were similar. Six states had similar sample characteristics between 1996 and 2001. Three states modified their sampling scheme during this period, which significantly altered the distribution of one or more of the demographic characteristics examined. We included those states in the analysis because it did not appear that the sampling changes would significantly affect response comparisons.
RESULTS
Over the 23 states, the median response rate was 76%, ranging from 49% in New York City to 84% in Vermont ( Table 2 ). Of the 23 states, 21 achieved response rates of 70% or greater in 2001. (CDC has established a minimum response rate threshold of 70% for a state's data to be of sufficient quality to be included in published results.)
The first mailing garnered the greatest response, with diminishing response to each successive mailing. The complete mail phase of PRAMS data collection achieved response rates ranging from 41% (New York City) to 76% (Vermont). Response rates across the states improved by 3 to 25 percentage points after telephone follow-up. Every state except Arkansas, Maine, and Vermont needed the responses received via telephone to achieve overall response rates of at least 70%.
The contact rate ranged from 58% to 93% (Table 2) . For all 23 states, the cooperation rates were high (86% to 97%), suggesting that once a sampled woman was contacted, she was usually willing to complete the survey. In general, cooperation rates were higher than the contact rates ( Table 2 ). The refusal rate for contacts by mail or by telephone averaged 2.9% (range: 0.7% to 6.1%) across the states (data not shown).
In all of the 23 states where comparisons could be made, response rates were higher for white women than for black women, for married women than for unmarried women, for first-time mothers than for multiparous women, and for women who initiated prenatal care in the first trimester than for women with late or no prenatal care; in addition, response rates increased with higher levels of maternal education (Table 3) . Response rates for races categorized as "Other" tended to be higher than those for black women but lower than those for white women. In general, the response rate either remained the same or increased as the mother's age increased. Response rates for non-Hispanic women were the same or higher than those for Hispanic women in most states with sizable Hispanic populations. Response rates for women who delivered a normal birthweight infant were the same or higher than those for women who delivered a low birthweight infant in most states. More than 90% of the infants were between two and three months of age at the time of the first mailing. Response rates for women first contacted two months after delivery were comparable with those for women first contacted three months after delivery (76% vs. 74%; data not shown). When we examined response rates by infant status, we found that response was somewhat lower for women whose baby had died than for women whose baby was alive (overall 66% vs. 74%, data not shown). Because of the sparse number of infant deaths in many states, comparisons within each state were not possible.
Logistic regression modeling revealed that several variables were frequently related to response across the states (Table 3 ). The most consistent predictor of response was maternal education, significantly associated with response in 21 of the 23 states. Marital status and maternal race were significant predictors of response in 18 states each, with parity and initiation of prenatal care significant in 15 and 14 states, respectively. Hispanic ethnicity was a significant predictor of response in about half of the states with sizable Hispanic populations. According to the models, the infant's birthweight and mother's age were not good predictors of response in most states.
From 1996 to 2001, the overall response rate significantly increased in two states and significantly decreased in two states (Table 4) ; the mean response rate over the nine states remained essentially unchanged (Figure) . When response rates were compared by each type of contact, some patterns emerged. From 1996 to 2001, every state experienced a declining trend in response rates to the first mailing, with a mean decline of 6 percentage points (range: 3 percentage points in Washington to 12 percentage points in Alaska). This declining trend was statistically significant in four of the nine states. Conversely, the response from follow-up mailings and telephone followup generally increased over this period. The increase in response due to follow-up mailings was modest, between 1 and 4 percentage points in the six states experiencing an increase. Six of nine states showed an increase in response over this period for telephone follow-up, ranging from 2 to 13 percentage points. This increase was statistically significant in four states. The other three states exhibited no change or a slight decrease in phone response.
The mean contact rate increased by 3 percentage points from 1996 to 2001; the increasing trend was L a t e / n o p r e n a t a l c a r e F ir s t t r im e s t e r N o r m a l L o w Ͼ 1 1 Ͼ 1 2 1 2 Ͻ 1 2 U n m a r r ie d M a r r ie d N o n -H is p a n ic H is p a n ic O t h e r a B la c k W h it e Ն 3 0 2 0 -2 9 Յ 1 9 statistically significant (Figure) . Four states experienced an increase in the contact rate (mean: 10 percentage points), four states had a decrease (mean: 3 percentage points), and one state had no change (Table 4) .
From 1996 to 2001, the mean cooperation rate decreased by 2 percentage points; the decreasing trend was statistically significant (Figure) . Six states experienced a drop (range: 1 to 8 percentage points, average: 4 percentage points). In the remaining three states, the cooperation rate remained the same in one state, and increased 1 and 3 percentage points in the other two ( Only the South Carolina change involved oversampling a group that was significantly associated with the likelihood of response in their state regression model. As a result, response rates could be expected to decrease there. Based on the nature of the sampling change alone, response rates would also be expected to decrease in Florida. Florida did experience a decrease in response over this period but response rates increased slightly in South Carolina.
DISCUSSION
Our study findings indicate that overall response rates for the 23 states in 2001 were good, ranging from 68% to 84% (with the exception of New York City at 49%). Twenty-one of the 23 states achieved response rates of 70% or higher. Although mail is the primary mode of response, telephone follow-up was an essential component of the overall response rate, contributing, on average, 15 percentage points to the overall response rate. Only three states were able to achieve at least a 70% response rate from mail response alone. These results are consistent with or slightly better than other studies that have used a mixed-mode methodology. 12, 13 The contact rates ranged from 76% to 93% with the exception of New York City at 58%. Cooperation rates were high, 86% to 97%, indicating that sampled women were generally willing to participate in the survey once they were contacted. Although we are aware of no other U.S. populationbased health surveys using the same methodology as PRAMS, we examined response rates from other population-based surveys with similar target populations and surveys using similar methodology to compare them with the PRAMS response rates. The State and Local Area Integrated Telephone Survey (SLAITS) National Survey of Early Childhood Health is a random-digit dial, U.S. population-based telephone survey of households with children between 4 and 35 months old. 14 SLAITS was conducted in 2000. SLAITS response rates are not directly comparable to PRAMS rates because households must first be screened to determine if they have a child of eligible age. The response rate among eligible households was 79.2%, but this rate does not include eligible households that refused to go through the initial screening process. A population-based survey of Puerto Rican women who recently gave birth in the mainland U.S. employed sampling methodology similar to PRAMS but conducted face-to-face interviews with sampled women. 15 As face-to-face interviews generally elicit higher responses than mail or telephone surveys, the PRAMS Hispanic response rate of 69% compares favorably with the 74% response rate achieved in that study. Finally, the Behavioral Risk Factor Surveillance System (BRFSS) is a state, population-based, random-digit dial telephone surveillance system in all 50 states that targets households with adults aged 18-65. 16 The median BRFSS response rate over the 23 PRAMS states was 51% in 2001; the median cooperation rate was 54%. From 1996 to 2001, the median BRFSS response rate fell from 63% to 51%. In 2003, the BRFSS began experimenting with mail modes of administration to counteract declining response rates to the phone survey. 17 We found that the characteristics of women most likely to respond to the PRAMS survey were consistent across states. In each of the 23 states, response rates were higher for women with 12 or more years of education, married women, white women, first-time mothers, and women who initiated prenatal care in the first trimester. For all states, maternal education was the most consistent predictor of response, followed by marital status and race. Parity, prenatal care initiation, and ethnicity were moderately associated with response status, while birthweight and maternal age were poor predictors. These results are consistent with the findings obtained from a previous analysis of PRAMS response rates in 1996, with one exception. 7 Parity, which we found to be associated with response in some states, was the most consistent predictor of response in 1996 (along with maternal education). A postpartum mail survey in the state of Washington also found marital status and race to be significantly associated with response. 18 The characteristics of women who are hardest to reach are also the characteristics associated with higher risk of poor birth outcomes. For PRAMS to accomplish its overall goal of reducing infant mortality and low birthweight, it is crucial that adequate response rates be obtained among the groups at highest risk for these outcomes. Nonresponse can introduce bias and affect the validity of epidemiologic analyses of these data. However, knowing which high-risk groups may be poorly represented within the group of PRAMS respondents helps us to focus efforts on improving responses among those subpopulations.
Despite the differences in response between demographic groups, our findings indicate that many highrisk groups are reached in PRAMS states. For example, overall response rates exceeded 70% for women of other races, women who delivered a low birthweight infant, and women with more than one child. Response rates among Hispanic women were 70% or higher in 11 of the 21 states with Hispanic populations. On the other hand, less than half of states achieved 70% response in 2001 for some important 
high-risk groups, including black women, teens, unmarried women, women with less than a high school education, and women who received late or no prenatal care. Overall, response rates were less than 50% in New York City, a diverse urban area presenting many challenges for survey researchers. The low contact rate in New York City, coupled with its high cooperation rate, suggests that difficulties locating sampled women may be the main barrier to achieving adequate response there. A patient satisfaction study of poor New York City residents who had recently been inpatients at an urban teaching hospital achieved a similar response rate (50%) using a mail survey followed by telephone calls to nonresponders. 19 Other researchers have similarly noted lower response rates in urban, densely populated areas. 20, 21 Based on Dillman's Tailored Design Method, the PRAMS methodology incorporates many techniques designed to enhance response. These include a personalized mailing package, use of response incentives and rewards, and repeated but varied contact attempts. The latter two techniques have been proven to enhance response in controlled experimental settings. 22, 23 In particular, use of response incentives has been shown to incrementally increase response rates by 8% to 19%. 10 Furthermore, the PRAMS survey has government sponsorship and covers topics of high saliency to new mothers; both of these factors have been shown to be positively associated with response. 24, 25 We believe all of these factors have contributed to the high response rates and low refusal rates achieved by PRAMS as compared to other health surveys using similar modes of administration. 26, 27 Trend analyses of response rates achieved by PRAMS states from 1996 to 2001 confirm some of the prevailing trends in survey research. Although among nine study states, overall response rates increased in four states and decreased in four, examination of the response rates by type of contact reveals a more complete picture of the underlying issues. In every state with data available for comparison, the response to the initial mailing declined over this time period, with an average decline of 6 percentage points. These declines are consistent with findings suggesting the public is becoming increasingly resistant to unsolicited surveys. Another indicator of this shift toward more public resistance to surveys is the significant decline in cooperation rates observed between 1996 and 2001. Eight of nine states experienced no change or a drop in the cooperation rate; the average change was a decline of 2.3 percentage points. Furthermore, the average refusal rate across the nine states significantly increased over this time period.
Our results show that initial requests to complete a mail survey are increasingly being ignored. As a result, multiple follow-up attempts have become an essential component of the survey protocol, necessary to maintain historic response rates. Many PRAMS states compensated for the decline in response to the initial mailing by enhancing telephone follow-up efforts and conducting two follow-up mailings if they were not already doing so. In most cases, these enhanced efforts were sufficient to maintain or even increase overall response rates. States that were unable to increase telephone response rates saw their overall response rates fall.
There are some limitations to our analysis of response rates across time. First, although states are essentially conducting data collection in a similar manner, changes occurred between 1996 and 2001 that could not be controlled for, such as use of a different version of the survey instrument, modifications to the sampling scheme, or changes in staffing. It is unclear what impact, if any, these factors may have had on response rates over this period. We were able to examine the impact of modifications to the sampling scheme. In two out of three states that modified their sampling scheme during this time period, we could predict the effect the changes should have on response rates based on population demographics. In one state the change in response rates was as predicted and in the other the change in response rates was in the opposite direction of what was predicted. It appears that the sampling changes had little impact on overall response rates relative to other factors discussed in this article. Second, our multivariate analyses were based on demographic characteristics available from birth certificate records, but the quality of birth certificate data may vary considerably across states. Additionally, there may be other factors associated with response rates that were not available to include in our analyses. Some of the system-related aspects of participating state programs are currently being examined through a comprehensive program evaluation of PRAMS. 28 
CONCLUSIONS
PRAMS is a stable surveillance system that is achieving good response rates consistently over time in nearly all participating states. Future methodological efforts will be focused on maintaining acceptable response rates overall and further improving response rates among higher-risk groups. For example, some PRAMS states are already beginning to explore using different incentives for different subpopulations, offering substan-tial cash rewards ($20 or more) to women in high-risk subpopulations, developing culturally sensitive survey materials, and using other avenues (media, faith-based groups) for publicizing PRAMS to improve response in high-risk populations. The challenges faced by survey researchers will no doubt increase and change in the future. Thus, vigilant oversight of each component of survey operations and the continued development of creative approaches will be required to maintain acceptable response rates in the presence of these ever-increasing challenges.
